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The first two substances are considerably more toxic than the 
second two ; and for each of the two pairs the first named has shown 
itself to be somewhat the more toxic. 

As regards the excised heart, the effect of all four substances is 
arrest in diastole ; the effect is in each case counteracted by atropine. 
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Part 1 (A. D. W.). 

From the observations described in the preceding communication, it 
was evident that betaine cannot be distinguished as an inert member 
of the ptomaine series, at least as regards its action on isolated nerve 
and on the isolated heart. This led to an inquiry into the original 
source of the universal text-book statement that betaine, unlike choline, 
neurine and muscarine, is* non-toxic. The only experimental evidence 
to the point consists (as far as I have yet discovered*) in a statement 
by Schultzen, quoted by Scheibler in the 'Berichte der Deutschen 
Chemischen Gesellschaf t ? for 1870, vol, 3, p. 155, to the following 
effect : — 

" Mehrere Versuche welche ich mit dem Be tain ausstellte, haben 
ubereinstimmend ergeben dass dasselbe in keiner Weise giftig wirkt, 
ja keinerlei wahrnehmbare Wirkungen auf das Befinden eines Thieres 

# K. Andrlik, A. Velich, and VI. StanSk, in a quite recent paper (" Das Betain 
in Phyeiologish-chemi&cher Beziehung. VorlaMge Mittheilnng." l Cbt. fur Physio- 
logic/ November 22, 1902, p. 452), confirm Scheibler's statement, saying : 

" Es ergab sich [an Froschen, weissen Ratten und Hundeu] dass die direkte 
injection dieses Stoffes [Betain] in das Blut selbst in grosseren Mengenlkeine 
erkennbaren Aenderungen der physiologischen Functionen herbeifuhrt. Direkte 
Messungen des Blutdruckes bei curaresirten Hunden haben gezeigt, dass [das 
Betain den Blutdruck absolut nicht beeinflusst. Es war nur eine unbedeutende 
Pulsretardation zu vermerken. And ere sichtbare Symptome konnten nicht constatirt 
werden." 

They injected 5 grammes per venom into a dog and recovered nearly the whole 
of this amount from the urine in an unaltered state. Per o$ only about one-third 
of the betaine administered was recovered from the urine. From a cow having 
taken 144 grammes per os none was recovered. 
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hat, selbst wenn es in grossen Dosen, z. B., 1 Gramm auf einmal direkt 

ins Blut (eines Kaninchens) gebracht wird." 

The experiments to be described below are in direct contradiction of 

this very clear and positive statement. 

In a series of experiments made with a different object in view, 
viz., to determine the effect upon isolated nerve of different kinds, of 
sugar, it was noticed more than once that syrups made with ordinary 
beet-sugar had a faint cadaveric odour reminiscent of the choline and 
neurine solutions that had just been under investigation, and the 
suspicion was naturally aroused that the taint of the samples in ques- 
tion might be due to the presence of betaine or of allied alkaloid. I 
attempted (and failed) to separate betaine from such a sample ; Dr. 
Plimmer has undertaken the task again with a positive result. 

Pliysiologieal Data.— The action of betaine (as hydrochloride) upon 
isolated nerve and the isolated heart has been described in the previous 
paper. All that remained to do in the present connection was to re-try 
upon warm-blooded animals the effects upon respiration and upon blood 
pressure the effects of intravenous injections of betaine. 
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W — Betaine from sugar (Plimmer), 
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Ex t. Iso. 6.— Cat, 2'6 kilos. Respiration and blood-pressure record. Three successive injections 
of betalne hydrochloride, .10 per cent, solution, neutralised by JtfaOH (extracted from raw 
beet-sugar by Br. Plimmer). (See continuation on following page.) 



It appears from these experiments that betaine (as hydrochloride 
injected per venam) acts directly upon the heart; that commercial 
betaine (Merck) is more powerful than betaine extracted from beet- 
sugar (Plimmer). 

In all instances the mode of death has been bv cardiac syncope from 
which no recovery could be obtained by artificial respiration. With 
sublethal doses the characteristic effect was a temporary fall of blood 
pressure, with a slight augmentation of the respiratory movements. 

The difference of action between commercial betaine and betaine 
from sugar gave rise to several reflections. Unlike muscarine, of 
which at least two chemical varieties are known, having quite different 
physiological actions, betaine is a single well-defined chemical substance 
that, if pure, should be of constant composition and action. Analysis 
of a commercial sample of betaine (Schuchardt) by Dr. Plimmer 
revealed the rather surprising fact that the sample in question 
contained a large proportion of potassium chloride, quite enough to 
exercise a direct depressant effect upon the heart's action. The 
difference between commercial and laboratory betaine is thus very 
probably due to impurity in the former. 



348 



Drs. A. D. Waller and E. H. Aclers Plimmer. [June 12, 




Expt. 6 (continuation of tracings on preceding page). — Two successive intravenous injections of 
betame hydrochloride (Merck) 10 per cent, solution neutralised by NaOH. 



Part 2 (R.H. A. P.). — Extraction of Betame from Bmv Beet-Sugar. 

The existence of betame in the juice of the beet was first demon- 
strated in 1866 by Scheibler. 1 He extracted it from beet-juice as also 
from beet-molasses in which, by reason of its great solubility, it is 
present in somewhat large quantities. Four years later he determined 
its constitution as being trimethylglycine, and Liebreich 2 identified it 
with oxyneurine, which he obtained by the oxidation of choline, or 
neurine as he called it. Choline was shown to exist in the juice of the 
beet by Lippmann, 3 these two bases (choline and betame) standing to 
one another in the relationship of alcohol to acid ; muscarine, the 
poison of the toadstool, probably occupies the intermediate position of 
aldehyde, as shown by the following formulse : — 



,OH 



N (CH 8 ) 3 
\0H2— CH 2 OH 



Choline. 



OH 

N (CH 3 ) 3 
X CH 2 — CHO 

Muscarine. 



,OH 

N (OH 8 ) 8 

CHo—COOH 

Betame. 
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although the muscarine synthetically prepared by the oxidation of 
choline has a slightly different constitution, namely,* 

N (0113)3 
\0H a — CH(OH) a 

Synthetic muscarine. 

The presence of betaine in raw beet-sugar, in which small quantities 
might reasonably be suspected, has, so far as I have been able to 
ascertain, not yet been demonstrated, and the object of this investi- 
gation has been to determine whether it is present, and if so, in what 
quantity. 

On account of the presence of perhaps only a very small amount 
of betaine in raw beet-sugar (the juice of the ripe beet containing 
only T V per cent., that of the unripe J per cent.), two preliminary 
experiments were made to see if it were possible to extract ^ per 
cent, of it from sugar to which it had been added ; in the first of 
these, the sugar was removed as insoluble lead saccharate according 
to the method patented by Wohl, 4 and in the other it was not 
removed. In both cases phosphotungstic acid, as used and recom- 
mended by Scheibler, was used to precipitate the betaine. 

1. 100 grammes of sugar, to which 0*1 gramme of betaine hydrochloride 
was added, were dissolved in 250 cc. of water, and to this solution, warmed 
on the water-bath, 150 grammes of lead oxide were gradually added, the 
mixture being meanwhile well stirred. The insoluble lead saccharate 
so formed was then filtered off, and well washed, and the filtrate, 
treated with sulphuretted hydrogen to remove traces of lead which 
had gone into solution, was evaporated down to a small volume ; 
1 gm. of phosphotungstic acid in 10 cc. of water, acidified with 
sulphuric acid, was then added to it, and on standing, white crystals 
were gradually precipitated; after a month these were filtered off, 
washed with water, and when dried at 100° C. weighed 0*8 gramme. 
On decomposition 0*1 gramme of betaine hydrochloride, melting at 

237° C, was obtained. The original substance melted at 237° 

238° C. 

Betaine can thus be quantitatively recovered from sugar to which it 
has been added. 

2. The same quantity of sugar and of betaine hydrochloride were 
dissolved in 100 cc. of water, and the same quantity of phosphotungstic 

* The term neurine now designates the compound with the following formula : 

•OH 
NCCHO, , 

Nm=ch 2 

which is seen to contain 1 molecule of water less than choline. 
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acid added ; after the same time, however, only a very small quantity 
of white crystals were precipitated, but on adding a large excess of 
phosphotungstic acid, and allowing the solution to stand another week, 
white crystals were gradually precipitated, which, when washed and 
dried at 100° C, weighed 0*6 gramme. 

These observations show that the presence of sugar slightly hinders 
the precipitation of betame by means of phosphotungstic acid, and 
that in order to precipitate it under these conditions a large excess 
of the reagent is required. 

When working with large quantities of sugar, this method of 
removing sugar with lead oxide is almost impossible to carry out 
in the laboratory. I was led, therefore, to adopt a different method, 
utilising the ready solubility of betame in alcohol ; a certain quantity of 
sugar is also dissolved, but this is in sufficient to prevent the precipita- 
tion of betame by phosphotungstic acid, and as the above experiment 
shows, it can be practically completely precipitated by excess of the 
re-agent. 

1000 grammes of raw beet-suo-ar were exhaustively extracted in two 
portions of 500 grammes each, with 2 litres of methylated spirit. The 
alcoholic extract so obtained was evaporated down in vacuo to a syrup, 
the syrup dissolved in -J- — |- litre of water, and to this solution, warmed 
on the water-bath, 200 c.c. of phosphotungstic acid solution (30 per 
cent. + 5 per cent. ELSO4) were added. A brownish crystalline 
precipitate was obtained, which was filtered off after it had stood for 
a week, so as to complete the precipitation, washed with a little water, 
and dried at 100° C ; it weighed 50 grammes. This precipitate, suspended 
in water, was then decomposed with excess of baryta, and the filtrate 
from the insoluble barium phosphotungstate was evaporated down, to 
dryness, after removal from it of excess of baryta by means of carbon 
dioxide; the brown residue so obtained was dissolved in alcohol, 
acidified with hydrochloric acid, and treated with 10 grammes of mercuric 
chloride dissolved in alcohol ; hetaine hydrochloride in combination 
with mercuric chloride was thus precipitated in white crystalline 
needles free from the brown colouring matter ; on decomposing it in 
aqueous solution with sulphuretted hydrogen, and evaporating to 
dryness, white crystals of betaine hydrochloride were obtained, weighing 
2*3 grammes ; reerystallised once from alcohol they were obtained quite 
pure, and melted at 238° — 239° C. with decomposition. (The melting 
point of betaine hydrochloride obtained by J alms 5 from wormseeds, 
Artemisia cina, melted at 227° — 228° C, but this is in all probability 
too low. A specimen obtained from Merck melted at 237° — 238° C* 
A synthetical specimen from Schuchardt, after separation from it of 
about 80 per cent, of potassium chloride, melted at 237° — 238° C.) 

Analyses of the substance obtained from raw beet-sugar and dried 
at 100° 0. gave the following result: — 
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(I.) 0*2150 gramme substance, by KjeldahPs method, gave 0*00198 

gramme N& 
(2.) 0*2075 gramme substance gave 0*1930 gramme AgCL 

Found. 



Calc. for C 5 H u N0 2 OJ. I. IL 

N = 9*13 per cent. 9*21 — 

CI = 23*08 „ — 22*96 

The alcoholic filtrate from the compound of betaine hydrochloride 
with mercuric chloride was evaporated down, the residue dissolved in 
water, and decomposed with sulphuretted hydrogen; the solution 
filtered from mercuric sulphide, evaporated to dryness, yielded a 
further 2*1 grammes of betaine hydrochloride, coloured brown ; by 
treatment with cold alcohol most of the colouring matter was removed, 
and the residue after recrystallisation from alcohol, to which a little 
animal charcoal was added, was obtained pure and melted at 237° — 238° 
C. with decomposition. For further characterisation, a portion of it 
was converted into its compound with gold chloride. 

E. Fischer 6 has recently pointed out that betaine gold chloride, when 
crystallised from water, melts at about 209° C, and gives, on deter- 
mination of the gold, values too low to agree with the formula 
C5H12O2NAUCI4 ; it is only when crystallised from dilute hydrochloric 
acid that it gives values agreeing with that formula ; he has shown 
that this compound melts at 245° C. (corr. 250° C.) when quickly 
heated, but that the melting point often lies 10° lower owing to decom- 
position if the substance is not quickly heated. 

The gold chloride compound obtained, when recrystallised from 
water, melted at about 209°- — 210° C, and gave the following results 
on analysis : — 

(1.) 0*2502 gramme substance, dried at 100° C, gave 0*0998 gramme 

Au. 
(2.) 0*2279 gramme substance, dried at 100° C, gave 0*0910 gramme 

Au. 

Found (1) Au = 39*89 per cent. ;• (2) Au = 39*93 per cent, 

A portion recrystallised from dilute hydrochloric acid crystallised in 
leaflets, melted at 235 — 238° C. with decomposition, and gave the 
following result on analysis : — 

0*2880 gramme substance, dried in vacuo over sulphuric acid, gave 
0*1264- gramme Au. 

Found Au = 43*89 per cent. 

C5H12O2NAUCI4 requires Au = 43*14 per cent. 
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This figure, however, is somewhat high ; it may be accounted for by 
the fact that a minute quantity of metallic gold was deposited during 
recrystallisation. 

No more betaine was precipitated on adding 200 c.c. of phospho- 
tungstic acid to the filtrate from the betaine phosphotungstate, the 
yield of betaine hydrochloride thus being 4*4 grammes from 1 kilo, of 
sugar. 

10 kilogrammes of raw beet-sugar have also been extracted and pre- 
cipitated with phosphotungstic acid in the same way, and the product 
obtained was handed to Dr. Waller for physiological investigation. 

In order to determine the quantity of betaine in raw beet-sugar more 
accurately, 100 grammes of the sugar were treated as above described 
with lead oxide and precipitated with phosphotungstic acid; 6*3 
grammes were thus obtained, and these gave on decomposition 0*5 
gramme of betaine hydrochloride melting at 236° — 238° C. 

Conclusion. — Betaine in considerable quantity (3*75 per 1000 in the 
sample examined) is present in raw beet-sugar. 

Note. — It is perhaps advisable to clearly specify what samples of 
betaine have actually passed through our hands : — 

No. 1 (from Merck's) has been used in the experiments of the 
previous paper (Waller and Sowton) and in Experiment 6 of the 
present paper. 

No. 2, prepared by one of us (R. H. A. P.) from " raw beet-sugar," 
was used in the experiments of the present paper. 

No. 3 (from Schuchardt), containing potassium chloride, has not 
been used for any physiological tests. 
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t. No. fi. — Cat, 2'ti kilos. Respiration and blood -pressure record. Three successive injection:) 
of beta'ine hydrochloride, 10 per cent, solution, neutralised by XaOII (extracted from raw 
beet-sugar by Dr. Plimmer). (See continuation on following page.) 
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(continuation of tracings on preceding page). — Two successive intravenous injection! of 
beta'ine hydrochloride (Merck) 10 per cent, solution neutralised by KaOH. 



